Abstract. We present an up-to-date analysis of the constraints the precision data impose on the (CP − conserving) Two Higgs Doublet Model of type II with emphasis on the possible existence of very light neutral (pseudo)scalar Higgs boson with mass below 20 − 30 GeV. We show that even in the presence of such light particles, the 2HDM(II) can describe the electroweak data with the precision comparable to that given by the SM. Particularly interesting lower limits on the mass of the lighter neutral CP −even scalar h 0 are obtained in the scenario with light CP −odd Higgs boson A 0 and large tan β.
Introduction
The Standard Model (SM) of electroweak interactions is in very good agreement with the electroweak precision data collected at LEP and SLAC experiments [1] . This fact strongly supports the idea of the spontaneous breaking of the underlying SU L (2) × U Y (1) gauge symmetry. Yet, the actual mechanism of symmetry breaking remains still unexplored. The Higgs boson predicted by the minimal model of electroweak symmetry breaking, the SM, has not been found up to now. Only the lower limit on its mass of ∼ 90 GeV is set by the unsuccesful search at LEP. While the Higgs sector of the SM is theoretically appealing due to its extreme simplicity, there exist many of its extensions which lead to different phenomenology (more physical Higgs particles) and which also should be tested (or constrained) experimentally.
The simplest such an extension is the well known two Higgs doublet model (2HDM). It exists in several distinct versions of which we want to consider in this letter the one, called the Model II in its CP −conserving version (we briefly recall its structure in the next Section).
1 One interesting question which arises in the context of such an extension of the SM is what are the available experimental limits on masses of the Higgs bosons predicted in such a model. In Sect. 3 we will recall the arguments [2] that, in the framework of the considered version of 2HDM, the direct searches do not exclude the existence 1 The Higgs sector of the Minimal Supersymmetric Standard Model has precisely the structure of the Model II but with additional constraints imposed on the quartic couplings. However, in the following we will consider the general Model II in a regime in which it cannot be regardeded as a low energy approximation to the MSSM with heavy sparticles of very light neutral scalar or pseudoscalar Higgs particles. In Sect. 4 we show that the existence of such light Higgs bosons is neither excluded by the electroweak precision data. Analysis of the impact of the precision data on the 2HDM(II) has already been performed in the past [6, 3] (for the formalism and early investigations see also [4] ) but concentrated mainly on the possibility of improving the prediction for R b ≡ Γ (Z 0 →bb)/Γ (Z 0 → hadrons) (which at that time seemed to be required by the data) and on improving the 2HDM(II) global fit to the data with respect to the fit given by the SM. Since then, the experimental situation has evolved significantly. In particular the measurement of R b no longer shows any statistically significant deviation from the value predicted by the SM [1]. Also there are changes both in the experimental measurement and theoretical computation of the b → sγ decay rate which was crucial in the analysis performed in [3] . More recently a partial analysis of the constraints iposed on the 2HDM(II) by various measurements has been also attempted in [5] . Here we present an up-to-date analysis of the constraints the precision data impose on the 2HDM(II) with emphasis on the possible existence of light neutral (pseudo)scalar Higgs boson. We show that even in the presence of such light particles, the 2HDM(II) can describe the electroweak data with the precision comparable to that given by the SM. In this case some interesting global limits on the model can be obtained. Finally in Sect. 5 we summarize our results and briefly comments on the other ways the existence of light Higgs bosons are or can be constrained by other expermental data. 
Two Higgs doublet extension of the SM -Model II
The multi-doublet extensions of the SM are distinguished by their virtue of not introducing corrections to the ρ parameter at the tree level. The minimal extension of the SM consist of two doublets. The requirement of the absence at the tree level of the flavour changing neutral currents puts restrictions on how the two scalar doublets of the general 2HDM can couple to fermions. In the Model II, one Higgs doublet (denoted by Φ 1 ) couples only to leptons and downtype quarks whereas the other doublet (Φ 2 ) couples only to up-type quarks. [7] ). The first two dimensionless parameters are very important for the phenomenology of the Higgs sector as they determine the couplings of the physical Higgs bosons to fermions and gauge bosons: the couplings of the scalars to the down-and up-type quarks are given by the SM couplings multiplied by the factors (see e.g. [7, 8] )
The Feynman rules for the CP −odd scalar couplings to fermions are given by the SM rules for h 0 SM times the factors: 
whereas the couplings of Z 0 to A 0 h 0 and A 0 H 0 pairs are instead proportional to
It follows, that in the limit sin(β − α) = 1 the lighter CP −even neutral Higgs boson h 0 has precisely the couplings of the Standard Model Higgs and becomes indistinguishable from it. Finally, couplings of the charged Higgs scalar to fermions, e.g.btH − vertex, are given by expressions like:
It is clear that for tan β close to zero, scalar couplings to tt pairs are strongly enhanced compared to the SM case, whereas for tan β large ( > ∼ 10) enhanced are couplings to bb. Requirement of perturbativity of both type of couplings restricts, therefore, tan β values to the range [9]:
Outside this range perturbativity is lost and no firm prediction can be obtained from the model. are complementary to each other provided they are simultaneously kinematically allowed. In the SM, or in the 2HDM(II) in the limit sin(β − α) = 1, the nonobservation of the Bjorken process at LEP sets the lower limit on M h SM of ∼ 90 GeV (at 95% C.L.) [10] . In the general case, the same data put an upper limit on the factor sin 2 (β − α) as a function of the lighter Higgs boson mass M h (see Fig. 1 ). The combined analysis of the complementary channels 1. and 2. performed e.g. by the OPAL collaboration [15] leads the the constraints on the (M h , M A ) plane shown in Fig. 2 . It follows that the direct experimental limits on M h and M A are rather weak: the data allow for very light h 0 (A 0 ) provided A 0 (h 0 ) is heavier than ∼ 65 (50) GeV even if only tan β > 1 is allowed. In particular, no absolute bound on M h from LEP data exists provided one respects the bound on sin 2 (β − α) shown in Fig. 1 .
Constraints on the 2HDM(II) from direct Higgs boson search at LEP
For large values of tan β independent constraints on h 0 and A 0 follow from the nonobservation of the Yukawa process. The available limits on the (M A , tan β) plane are shown in Fig. 3 [15] . Similar limits on both, (M h , tan β)
